hypertension. Compared with local patients in the same community, migrant patients with hypertension often have unique traits [18] [19] . Most studies of migrant populations in Europe and the United States have focused on the incidence and control rate of hypertension. Compared with the local population, migrants have higher prevalence rates of hypertension and lower rates of awareness and control of hypertension [20] [21] [22] . However, there are few studies on the complications and risk factors in migrant patients with hypertension, especially in developing countries.
Therefore, we aimed to investigate this problem among middle-aged migrants in Shanghai, China. Shanghai is one of the most developed cities in the country, and many migrants have relocated there from other parts of China [23] . Migrants in Shanghai differ from those in other studies because they are the same ethnicity as that of the local population. Thus, we sought to identify differences between migrant and local populations with respect to: (1) the characteristics of middle-aged patients with hypertension; (2) the proportion of atherosclerotic complications in patients with severe hypertension; (3) the risk factors of atherosclerotic complications in patients with severe hypertension. Our findings may reveal new information for countries with a high number of migrants, to better manage hypertension and atherosclerotic complications in this population.
Methods

Study design and data collection
As the largest district of Shanghai, Pudong has a population of 5.47 million, with 2.34 million migrants from other cities residing in Pudong at the end of 2016. The present study was designed as a cross-sectional study according to diagnosis, based on the official discharge database of the Pudong Institute for Health Development. We focused on severe hypertension patients who were hospitalized owing to hypertension from January 1, 2013 to October 31, 2016 . We chose 2013 as the start date because the information in the official database was integrated beginning that year. In total, 26 hospitals in Pudong District were covered, whether public or private, specialized or general.
The discharge database for inpatients is composed of three parts. The first part contains the patients' personal information, including their sex, age, identification card number, birthplace, and native place (in China, native place means the locality where your father was born), profession, present address, and marital status. This information is usually provided by the patient or their family. The second part of the database contains inpatients' hospitalization information, including diagnosis code, discharge status, pathologic diagnosis (if available), and operation code (if possible). This information is provided by each patient's physician, which ensures its reliability. Each inpatient is given a diagnosis code by their physician according to disease codes of the International Classification of Diseases 10th Revision (ICD-10). The third part of the inpatient database contains health insurance status (none, registered in the National Health System, or private), and type of hospital (in China, hospitals are classified into three categories according to their main function: community hospitals, secondary hospitals, and tertiary hospitals). This information is automatically generated by the computer system.
Using the information in the database, we were able to assess differences in demographic characteristics between migrants and local patients, and we also extracted information about the diagnosis of hospitalized patients. We collected information on the diagnosis of atherosclerotic diseases, including CHD, stroke, and other atherosclerotic diseases, such as atherosclerosis in lower extremity arteries. We explored the association between atherosclerotic diseases and risk factors in migrants and local patients.
Study participants
In this study, we selected 24,308 patients whose first diagnosis was hypertension. Consistent with US Joint National Committee and Chinese definitions [24] , hypertension was defined as an average systolic blood pressure of at least 140 mmHg or an average diastolic blood pressure of at least 90 mm Hg, or self-reported use of an antihypertensive drug in the past two weeks. Recruited participants were between 21 and 65 years of age and living permanently in Shanghai. Migrants were participants who self-identified as being born in another city and could prove that their parents were born in other cities. Exclusion criteria included pregnant women and those with impaired cognitive ability. We recruited participants age 21-65 years because this age group included the most migrants and we assumed that most participants in this age group would not be in terminal stages of disease. Finally, 6,972 hypertension patients were recruited for this study, including 1,412 migrants.
Variables
Personal characteristics
We included age and sex as demographic variables that may influence hypertension and atherosclerotic complications.
Insurance
Insurance is one of the most important factors influencing migrants' medical behaviors. In China, health insurance includes employment insurance, resident insurance, and commercial insurance. Resident insurance and employment insurance through most companies in one city cannot be used in another city. In our study, we found that very few patients had commercial insurance, so we merged commercial insurance into the category "other."
Marital status
Because the number of widowed, divorced, and single patients was very small, we combined these participants into one group denoted "unmarried."
Diabetes mellitus
Diabetes is considered one of the most important risk factors in atherosclerotic disease, so we included diabetes as a variable. The information about diabetes came from the discharge database, and the diagnosis was based on the ICD-10.
Frequency of hospitalization
This variable revealed how many times in total one patient was hospitalized in hospitals throughout Pudong District.
Statistical analysis
To assess the discrepancy in demographic characteristics between migrants and local residents, we used the chisquare test (Cochran-Mantel-Haenszel test) and t-test. Associations between complications and risk factors were explored using logistic regression analysis. Risk factors included age, sex, marital status, insurance, history of diabetes mellitus, and frequency of hospitalization. All analyses were performed using IBM SPSS, version 20.0 (IBM Corp., Armonk, NY, USA).
Results
Characteristics of migrant and local patients
The study population included 6,972 patients age 21-65 years with a primary diagnosis of hypertension. A total of 1,412 participants were migrants and 5,560 were local patients. The proportion of younger patients in the migrant group was significantly larger than that in the local group. Among migrant patients, 11.5% were age 21-35 years, 40.8% were age 36-50 years, and 47.7% were age 51-65 years; among local patients, 78.3% were age 51-65 years. Compared with local patients, fewer migrant patients had insurance (60.8% vs. 7.8% insured, p < 0.05). In addition, fewer migrant patients had diabetes (15.2% vs. 23.7%, p < 0.05) and more migrants were hospitalized for the first time (85.1% vs. 81.1%, p < 0.05). The number of male patients was slightly higher than the number of female patients, with no significant difference between migrant and local patients (p = 0.298). There were no significant differences in marital status between the two groups (93.1% vs. 91.8%, p = 0.098). The main findings for migrant and local participants are reported in Table 1 .
Distribution of atherosclerotic diseases in migrant and local populations
The incidence of the three investigated atherosclerotic diseases in migrant and local populations is presented in Figure 1 . The proportion of stroke in migrant inpatients with hypertension was significantly lower than that in local inpatients (15.4% vs. 25.0%, p < 0.05). Similarly, the incidence of CHD among migrant inpatients with hypertension was lower than that in their local counterparts, although not so significantly (8.6% vs. 11.7%, p < 0.05). By comparison, other atherosclerotic diseases occurred more frequently among migrant than local inpatients with hypertension (8.5% vs. 7.9%, p = 0.429).
Risk factors of atherosclerotic complications in migrant and local populations
In patients with hypertension and history of stroke, migrants had higher rates of patients who were young (21-35 years, 5.0% vs. 1.0%; 36-50 years, 36.2% vs. 11.3%, p < 0.05) and uninsured (61.9% vs. 10.9%, p < 0.05) and showed lower rates of diabetes (17.9% vs. 28.0%, p < 0.05) than local patients. Similarly, in patients with hypertension and a history of CHD and atherosclerotic disease, migrants also demonstrated higher rates of young and uninsured patients, and lower diabetes rates. In particular, in patients with hypertension and a stroke history, more migrant inpatients than local ones were hospitalized for the first time (83.9% vs. 76.9%, p < 0.05). There were more male patients in the migrant than in the local group (74.6% vs. 54.0%, p < 0.05); this was also the case in patients with hypertension and CHD (74.6% vs. 54.0%, p < 0.05). Differences in the risk factors of atherosclerotic diseases among migrant and local populations are reported in Table 2 .
We used a logistic regression model to analyze the differences in risk factors of all atherosclerotic diseases between migrant and local patients with hypertension ( Table 3) . In the multivariable model of stroke, patients age 51-65 years were found to be at higher risk in both groups. However, the difference in age seemed less apparent in the migrant (odds ratio (OR) = 3.899, p < 0.05) than the local group with hypertension (OR = 7.031, p < 0.05). In addition, uninsured patients (OR = 1.765, p < 0.05), unmarried patients (OR = 1.454, p < 0.05), patients with diabetes (OR = 1.292, p < 0.05), and readmitted patients (OR = 1.391, p < 0.05) were at higher risk of stroke than local patients, and the risk for female participants was lower (OR = 0.580, p < 0.05). However, among migrant patients, differences for sex, insurance, marital status, diabetes history, and frequency of hospitalization were not significant. In the multivariable model of CHD, older patients had a higher risk of CHD in both the migrant (OR = 3.089, p < 0.05) and local groups (OR = 6.530, p < 0.05). Patients who were hospitalized more than once were at higher risk of CHD in both migrant (OR = 2.238, p < 0.05) and local groups (OR = 1.615, p < 0.05). Patients with diabetes had higher risk in the local group only (OR = 1.787, p < 0.05). In the multivariable model of other atherosclerotic diseases, significant differences were found in patients aged 51-65 years between the migrant (OR = 3.353, p < 0.05) and local groups (OR = 2.728, p < 0.05). In addition, uninsured patients showed lower risk of other atherosclerotic diseases in the local group (OR = 0.517, p < 0.05) but this risk was higher in migrants (OR = 1.415, p = 0.151).
Discussion
The migrant population in our study had several specific traits. Different from other studies of migrants, the migrant and local groups in our study had the same ethnicity. Nevertheless, we found many differences between migrant and local patients with hypertension. The proportion of young migrant patients with hypertension was significantly higher than in the local group. The higher rate of hypertension in young migrants was consistent with earlier studies [25] . In Italy, Chinese migrant patients with hypertension were 1.4 years younger than local patients, on average [25] . The finding that the rate of diabetes among migrant patients with hypertension was lower than the rate among local hypertensive patients may be owing to the higher proportion of young people in the migrant group.
Compared with local patients, fewer migrants had insurance. In China, all types of resident insurance and most types of employment insurance are not portable from one city to another; therefore, migration would limit the effectiveness of health care among individuals with nonportable health insurance. For example, the non-portable feature of health insurance significantly reduces the likelihood of using medical care (by 7.8%) among rural-to-urban migrants in comparison with rural residents; awareness of hypertension in this migrant population is reduced by 8.8% and the rate of receiving a physician's advice is reduced by 18.3% [26] . The rate of patients' being hospitalized for the first time was higher in the migrant group. This may result from the lower rate of insurance among migrants. Improving the portability of health insurance and extending primary care coverage to this population may help to achieve better management of hypertension.
The incidence of hypertension has risen to more than 1.3 billion worldwide. However, the complications of hypertension are not equally distributed worldwide [27] . For different ethnic groups, risk factors associated with cardiovascular disease can be considerably different [28] . Our study revealed that although migrants and local patients were ethnically the same, their complications and risk factors were very different. In our study, we analyzed atherosclerotic complications in these two groups and found that the rates of stroke and CHD were lower among migrants and the rates of other atherosclerotic diseases were higher. When we compared the risk factors of atherosclerotic diseases between migrant and local patients, we found that regardless of whether rates of atherosclerotic complications were lower or higher in the migrant group, risk factor analysis indicated that the rates for young age and first-time hospitalization in migrant patients with hypertension with atherosclerotic complications were much higher than those in their local counterparts. The rates for a history of diabetes and being insured were much lower among migrants with hypertension and atherosclerotic complications.
We found that age was an important risk factor in both migrant and local groups. However, the difference between migrant and local populations was that young people accounted for a larger proportion of migrant patients with hypertension who had atherosclerotic complications. This may suggest that young migrants are under greater pressure to survive and pay less attention to their health; therefore, greater focus on young migrants may be needed.
In migrants with hypertension, diabetes showed no correlation with the three atherosclerotic complications investigated. Diabetes is a commonly known risk factor for atherosclerotic diseases [29] [30] [31] , which is consistent with the results for local patients in our study. This paradox may be related to the lower proportion of diabetes among migrant patients with hypertension. Another possible explanation could be that these migrant patients had a shorter duration of diabetes because of the higher rate of young people among them.
In terms of insurance and frequency of hospitalization, risk factor analysis showed some differences between migrant and local patients with hypertension who had atherosclerotic complications. Among the local group, fewer uninsured patients had milder illnesses or other atherosclerotic diseases. However, more insured patients had relatively serious illnesses such as stroke, suggesting that local uninsured patients tended not to seek medical treatment until an illness became serious. However, among migrants, complications were not affected by the manner of payment, which may be related to the fact that most migrant patients do not have health insurance. In the local population, the number of hospitalizations was not a risk factor for patients with relatively milder illnesses and other atherosclerotic diseases. However, the risk of stroke and CHD in patients with more than one hospitalization was 1.391 and 1.615 times higher than that in patients hospitalized for the first time, respectively, suggesting that patients with severe complications in the local population tended to have been hospitalized in the past. On the contrary, among migrants, the number of hospitalizations was not a risk factor for other atherosclerotic diseases or stroke, suggesting that these patients may not seek medical treatment for the first time until serious disease occurs [32] [33] [34] [35] [36] . The lack of insurance makes migrants more likely to experience complications, owing to delayed treatment and to not being hospitalized until complications occur. According to previous studies, uninsured patients are 4.4 times more likely than insured ones to have an unmet need for medical care and prescription drugs [26] . Among uninsured patients, the lack of access to medical care and prescription drugs may not lead to primary diseases such as diabetes but could lead to aggravation or more rapid progression of disease and serious complications. The use of inappropriate drugs, including some OTC medications, may also directly lead to or accelerate complications. Therefore, improving insurance coverage for migrants may help them to have better health-related quality of life.
Limitations
This study has several limitations. First, although this study covered all hospitals in Pudong District, the area of Shanghai with the largest population of migrants, we did not analyze data from other parts of Shanghai or China. Second, our data were obtained from an official discharge database of Pudong Institute for Health Development, which ensured authenticity and reliability, but limited the comprehensiveness of the data. Data of some possible factors such as smoking and income were not included. Therefore, additional survey and cohort studies are planned as our next steps.
Conclusion
We found that, compared with local patients who had hypertension, their migrant counterparts were younger and more likely to be uninsured. Thus, greater attention to younger and uninsured migrants is crucial in raising awareness about hypertension and atherosclerotic complications of hypertension. The present study findings indicated that besides age, common risk factors of atherosclerotic disease were not significantly related to atherosclerotic diseases in migrants with hypertension, as compared with their local counterparts. Further research on other social determinants is needed to assess the impact on health in the growing migrant population and to better protect migrants against developing hypertension and complications. Despite its limitations, our study provides good evidence illustrating differences in the characteristics of local and migrant patients with hypertension in China, as well as the distribution and risk factors of atherosclerotic complications. Special attention to the unique migrant population is needed.
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